Electronic Version 
Stylesheet Version vl.1.1 

Description 

Gain And Phase Balanced Amplifier 
Redundancy System 

Background of Invention 

[0001] The present invention relates generally to amplifier re- 
dundancy systems, and more particularly, to a gain and 
phase balanced amplifier redundancy system suitable for 
use in satellite communications payloads. 

[0002] Atypical satellite communications payload includes an 

output section that may contain multiple amplifiers. These 
amplifiers are sometimes configured such that satellite 
communications signals, intended for a user on the 
ground, pass through more than one amplifier to generate 
a large amount of output power (more than is capable of 
being delivered by a single amplifier). This type of system 
is sometimes referred to as a matrix amplifier system. 

[0003] For matrix amplifier systems, the phase and amplitude of 
the signals passing through each amplifier path are sig- 
nificant because these signals combine with a specific 



phase to achieve a power distribution among satellite an- 
tenna radiating elements, which is required to obtain a 
proper antenna pattern. 

[0004] Redundancy ringsnetworks having redundancy switches 
are often included in such amplifier arrangements to pre- 
vent the failure of a single amplifier from degrading an 
entire payload performance. 

[0005] Typically, redundancy switches are used to switch out the 
failed amplifier and switch in an additional redundant am- 
plifier held in reserve. For example, if four amplifiers are 
normally required, five amplifiers may be placed in the 
payload (one redundant amplifier). This is called a five- 
for-four redundancy. Other systems might be used de- 
pending on the reliability of the amplifiers, for example, 
six-for-four redundancy, three-for-two, etc. 

[0006] a typical amplifier redundancy system, such as the five- 
for-four system, includes a plurality of inputs and a plu- 
rality of amplifiers associated thereto. For example, a first 
signal at a first input is amplified by the first amplifier, a 
second input is amplified by a second amplifier, etc. Im- 
portant to note is that the line length from the input to an 
output passing through one of the amplifiers may be dif- 
ferent than the line length from an input to the output 



passing through an extra amplifier due to the physical 
size of the amplifier, difference in line length through the 
switch, etc. 

[0007] The aforementioned difference in line length causes the 

phase of each signal paths to be different for both no fail- 
ure and redundant cases. In current designs, particularly 
designs in which matrix amplifier systems are used to 
provide flexibility and power allocation to different an- 
tenna beams, the phase change causes some power to 
exit undesired matrix ports, changing the antenna pattern 
and degrading payload performance. 

[0008] Alternate systems include redundant amplifiers placed 
centrally to reduce the number of switches that must be 
reconfigured to switch in the redundant amplifier. Usually, 
the input side and output side switches are associated in 
pairs so that one command reconfigures both switches, 
thereby reducing the number of commands that must be 
sent. However, this system still introduces differences in 
line length when the redundant amplifier is activated. 

[0009] The additional line lengths characteristic to the aforemen- 
tioned systems cause increased signal loss and introduce 
at least both a small amplitude error and a phase error. 

[0010] The disadvantages associated with current amplifier re- 



dundancy systems have made it apparent that a new sys- 
tem is needed. The new system should substantially mini- 
mize line lengths and should also decrease amplitude and 
phase errors of signals traveling through a matrix ampli- 
fied system. The present invention is directed to these 
ends. 

Summary of Invention 

[001 1] | n accordance with one aspect of the present invention, an 
amplifier redundancy system includes a first output switch 
including a side port position and a through port position, 
wherein the first output switch is in the side port position, 
and wherein the first output switch receives signals from a 
first amplifier. 

[0012] The system further includes a first input switch including 
a side port position and a through port position, wherein 
the first input switch is in the side port position, and 
wherein the first input switch switches to the through port 
position in response to a failure in a second amplifier. 

[0013] The system still further includes a second input switch in- 
cluding a side port position and a through port position, 
wherein the second input switch receives signals from the 
first input switch when the first input switch is in the side 
port position. 



[0014] a| so included in the system is a second output switch in- 
cluding a side port position and a through port position, 
wherein the second output switch is in the through port 
position, and wherein the second output switch switches 
to the side port position and receives signals through the 
first output switch in response to the failure in the second 
amplifier. 

[0015] The system further includes the first amplifier receiving 
signals from the first input switch when the first input 
switch is in a side port position. The second amplifier re- 
ceives signals from the first input switch through the sec- 
ond input switch and generates amplified signals there- 
from. 

[0016] | n accordance with another aspect of the present inven- 
tion, a method for operating an amplifier redundancy sys- 
tem includes activating an input switch and switching the 
input switch from a first position to a second position 
such that signals are directed from a failed amplifier to a 
first redundant amplifier. An output switch is then acti- 
vated and switched from a first position corresponding to 
the input switch second position to a second position cor- 
responding to the input switch first position such that 
signals are received from the first redundant amplifier. 



[0017] one advantage of the present invention is that it equalizes 
line length differences for signals traveling through the 
amplifier redundancy system. This equalization in differ- 
ential length reduces signal degradation including ampli- 
tude errors and phase errors. 

[0018] it is a constant goal in satellite payload design to reduce 
or maintain power requirements. In the present invention, 
satellite performance will be improved because antenna 
gain is constant, regardless of the switching conditions. 
Therefore, no additional power is required to compensate 
for the activation of the redundant amplifier. Therefore, 
another advantage of the present invention is that it re- 
duces power requirements for signals traveling 
therethrough. 

[0019] Additional advantages and features of the present inven- 
tion will become apparent from the description that fol- 
lows, and may be realized by means of the instrumentali- 
ties and combinations particularly pointed out in the ap- 
pended claims, taken in conjunction with the accompany- 
ing drawings. 
Brief Description of Drawings 

[0020] | n order that the invention may be well understood, there 
will now be described some embodiments thereof, given 



by way of example, reference being made to the accom- 
panying drawings, in which: 

[0021] FIGURE 1 illustrates a satellite system including an ampli- 
fier redundancy system in accordance with one embodi- 
ment of the present invention; 

[0022] FIGURE 2 illustrates an amplifier redundancy system in ac- 
cordance with Figure 1; 

[0023] FIGURE 3 illustrates the amplifier redundancy system of 
Figure 2 having a failed amplifier; 

[0024] FIGURE 4 illustrates an alternate amplifier redundancy 
system in accordance with another embodiment of the 
present invention; and 

[0025] FIGURE 5 illustrates a logic flow diagram of a method for 

operating an amplifier redundancy system in accordance 

with another embodiment of the present invention. 
Detailed Description 

[0026] The present invention is illustrated with respect to a gain 
and phase balanced amplifier redundancy system, partic- 
ularly suited to the satellite communications field. The 
present invention is, however, applicable to various other 
uses that may require amplifier redundancy systems, as 
will be understood by one skilled in the art. 

[0027] Referring to Figures 1 and 2, the communications system 



10, including an amplifier redundancy system 12 is illus- 
trated. The aerospace system 10 is merely an illustrative 
example of a satellite payload orbiting the earth 13 
wherein the amplifier redundancy system 12 would be 
beneficial and is not meant to be limiting, as will be un- 
derstood by one skilled in the art. 

[0028] The amplifier redundancy system 12 will typically receive 
inputs from a payload system 14, such as a set of upcon- 
verters or switches, amplify the signals, and then generate 
outputs which will typically be received by an additional 
payload system 16, such as an antenna, as will be under- 
stood by one skilled in the art. The amplifier redundancy 
system 12 includes a plurality of amplifiers 20 associated 
with a plurality of switches including a plurality of input 
switches 30 and a plurality of output switches 40. The 
system 12 may be controlled by, for example, a controller 
18. Important to note is that the aerospace system 10 may 
include a transmitting or receiving satellite, and the am- 
plifiers 20 may amplify transmitted or received signals. 

[0029] Figure 2 illustrates a redundancy system having no ampli- 
fier failures. Illustrated are five amplifiers: A, B, C, D, and 
E (21, 22, 23, 24, and 25 respectively). A plurality of input 
switches 30 transmit input signals through the amplifiers 



20 and to a plurality of output switches 40, which trans- 
mit output signals to the various payload systems. The in- 
puts and outputs are offset such that the input switches 
30 are configured in the "side port"position while the out- 
put switches 40 are in the "through port"position. Each 
path from input to output passes through two switches in 
the side port position and one switch in the through port 
position when there are no amplifier failures. 

[0030] jo clarify, a first switch 31 in the side port position re- 
ceives an input signal, which is then received in a second 
input switch 32 also in the side port position. The second 
amplifier, amplifier 22 amplifies the input signal, and an 
output switch 42 in the through port position transfers 
the signal to an output. Likewise, a second input is re- 
ceived in input switch 32, and transferred to switch 33 
and then amplified in the third amplifier 23. The signal is 
then output through output switch 43 also in the through 
port position. Alternate embodiments include, for exam- 
ple, amplifier 23 functioning as a second redundant am- 
plifier for the first redundant amplifier 21 or for another 
amplifier in the plurality of amplifiers 20. 

[0031] Furthermore, a third input is received in switch 33, trans- 
ferred to switch 34, amplified in the third amplifier 24, 



and output through switch 44 also in the through port 
position. A fourth signal is received in switch 34, trans- 
ferred to switch 35, amplified in the fifth amplifier 25, and 
output through switch 45, also in the through port posi- 
tion. 

[0032] important to note is that when the system has no failures, 
the first amplifier 21 is not receiving an input signal nor 
generating an amplified output signal, however amplifier 
21 is adapted to receive an input signal through switch 31 
and transfer it through output switch 41. 

[0033] Switching operations either activate automatically in re- 
sponse to amplifier failures or are activated by a con- 
troller, such as controller 18, as a function of amplifier 
checking logic. 

[0034] Referring to Figure 3, an amplifier redundancy system in- 
cluding a failed amplifier 22 is illustrated. Important to 
note is that each path from the input signal to the output 
signal still passes through two switches in the side port 
position and one switch in the through port position, 
maintaining the same phase length as for the no failure 
case. Resultantly, no degradation of payload performance 
is suffered because of differences in phase for different 
paths. 



[0035] | n other words, switch 31 is switched from the side port 

position to the through port position, thereby allowing the 
first input signal to travel directly through the switch 31 
for amplification in redundant amplifier 21, wherein the 
amplified signal is received in output switch 41 in the side 
port position and then received in output switch 42 also in 
the side port position, the signal is then output from the 
amplifier redundancy system 12. Meanwhile, no signal 
transfers through the failed amplifier 22. 

[0036] Although the output side includes two switches for some 
paths, and one switch for some paths, the output power 
levels of the amplifiers are maintained because the output 
loss increase is offset by the input loss decrease. In other 
words, the gain of the path is held constant. There may be 
a small degradation in noise power ratio (NPR) perfor- 
mance since the amplifier may be slightly overdriven. If 
this is not negligible, it can be compensated for by slightly 
adjusting the amplifier drain voltage, using controller 18 
from Figure 1. 

[0037] important to note further is that input and output 
switches can be ganged in pairs. For example, input 
switch 31 and output switch 42 could be ganged, input 
switch 32 and output switch 43 could be ganged, etc. 



Switches 35 and 41 are generally not thrown and are in- 
cluded to make the input to output paths identical. 

[0038] Referring to Figure 4, an alternate redundancy system 90 
having fewer switches than the redundancy system 12 of 
Figures 2 and 3 is illustrated. The alternate system re- 
moves switches 35 and 41 of Figures 2 and 3, replacing 
them with transmission lines 80 of equivalent length. If 
the line 80 is designed to have the same phase and am- 
plitude performance over the operating frequency range 
as the switch it is replacing, the switch may be removed, 
to save cost and decrease mass. Otherwise, the system 90 
includes a similar first input switch 61, second input 
switch 62, amplifier 52, redundant amplifier 51, and out- 
put switch 72 configuration as Figures 2 and 3. The sys- 
tem further includes similarly arranged third, forth, and 
fifth amplifiers (53, 54, 55 respectively), and input 
switches 63, 64, and output switches 73, 74, and 75. 

[0039] Referring to Figure 5, a logic flow diagram illustrating the 
operations of a gain and phase balanced amplifier redun- 
dancy system is illustrated. Logic starts in operation block 
102 wherein failed amplifier signal data is detected by for 
example, the controller 18. Alternate embodiments in- 
clude automatic switching of the switches in response to 



failure of an amplifier. In operation block 104, the appro- 
priate switch or switches are thrown to redirect signals 
around the failed amplifier. In operation block 106, the 
inputs are received through the switches, and in operation 
block 108 amplified in the remaining amplifiers. In opera- 
tion block 110, amplified outputs are received in payload 
systems, such as the payload system 18, through the out- 
put switches. 

[0040] | n operation, a method for operating an amplifier redun- 
dancy system includes determining a failure in at least 
one of a plurality of amplifiers; redirecting input from the 
at least one of the plurality of amplifiers to at least one 
redundant amplifier through switching one of a plurality 
of input switches from a side port position to a through 
port position; and receiving input from the at least one 
redundant amplifier through at least one of a plurality of 
output switches through switching the at least one of the 
plurality of output switches from a through port position 
to a side port position. 

[0041] Amplifier drain voltage is also adjusted in response to a 
degradation in noise power ratio as a function of opera- 
tion of the at least one redundant amplifier. Also, a sec- 
ond redundant amplifier may be activated in response to a 



failure in the at least one redundant amplifier. 
[0042] prom the foregoing, it can be seen that there has been 
brought to the art a new and improved amplifier redun- 
dancy system 12. It is to be understood that the preceding 
description is merely illustrative of some of the many spe- 
cific embodiments that represent applications of the prin- 
cipals of the present invention. For example, a vehicle, 
such as an airplane, spacecraft, or automobile could in- 
clude the present invention as a redundancy amplifier 
system to minimize signal line travel, thereby reducing 
energy requirements and signal degradation. Numerous 
and other arrangements would be evident to those skilled 
in the art without departing from the scope of the inven- 
tion as defined by the following claims. 



